Abstract. A cross-sectional study was conducted to provide comprehensive data on the patterns and associated risk factors of soil-transmitted helminth (STH) infections among five Orang Asli subgroups in Peninsular Malaysia. The overall prevalence of STH infections was 59.9% (95% confidence interval [CI] = 56.1-63.7%). Trichuris trichiura (54.3%; 95% CI = 50.4-58.2%) was the predominant species followed by Ascaris lumbricoides (26.7%; 95% CI = 23.3-30.1%) and hookworm (9.1%; 95% CI = 6.9-11.3%). This study showed diversity for STH infections by subgroup with poverty and personal sanitary behavior as important risk factors for infection. Risk profile analyses indicating that Orang Kuala subgroup who has a generally well-developed infrastructure and better quality of life had a low rate of infection. There is a need for poverty reduction and promotion of deworming programs along with mass scale campaigns to create awareness about health and hygiene to reduce STH infections.
INTRODUCTION
Soil-transmitted helminth (STH) infections caused by Ascaris lumbricoides, Trichuris trichiura, and hookworm (Necator americanus and Ancylostoma duodenale) have extensive socioeconomic and public health impacts. These infections are most significant in the bottom billion of the world's poorest people (i.e., income US $1.25/day). 1 Humans are infected by ingestion of parasite eggs or contact with larvae that thrive in the warm and moist soil. Adult worm of STH can live for years in the human gastrointestinal tract. The STH infections are one of the world's most important causes of physical impairment, intellectual and cognitive retardation especially in children, thwarting educational advancement and hindering economic development. 1, 2 The greatest morbidity is among children and women of childbearing age. 2, 3 To date,~2 billion people or 24% of the world's population are infected with at least one species of STH. 4 It is estimated that worldwide annual death from STH infections varies widely, from 12,000 to as many as 135,000 deaths. 2, 3 Since gaining her independence almost 57 years ago, Malaysia has witnessed rapid growth in socioeconomic and development infrastructure. Nevertheless, the country is still plagued with many parasitic diseases notably the perpetual STH infections, especially among poor and socioeconomically deprived communities, particularly the Orang Asli communities. [5] [6] [7] [8] [9] The "Orang Asli" translated as "original people" or "first people" are the indigenous minority people of Peninsular Malaysia. According to the latest available records, their population is 149,723, contributing to 0.7% of the total population in Malaysia. 10 Officially, the Orang Asli is classified into three major ethno-linguistic groups, namely the Senoi, Proto-Malays (Aboriginal Malays), and Negritos and further divided into six subgroups, bringing to a total of 18 different subgroups. 10 They are not a homogenous group as each group has its own language and custom, most importantly, perceiving themselves as different from their counterparts. 11 They live in the closest possible association with nature from the coastal mangrove swamps to the tropical forest valleys and mountains throughout Peninsular Malaysia.
According to the available literature, the earliest study of STH infections among Orang Asli was recorded in 1938. 12 Up to 2013, more than 30 studies on STH infections had been conducted among the Orang Asli communities. Lim and others 6 reviewed and summarized studies that had been conducted since 1930 and found that the prevalence rate of STH infections remains largely unchanged with alarming high prevalence, especially among children. Several studies had been conducted in these communities between 2010 and 2013 reporting an overall prevalence of more than 50%, ranging from 52.4% to 92.2%. [7] [8] [9] With the exception of a study carried out by Dunn, 13 almost all of these studies failed to take into consideration the differences in the respective Orang Asli subgroups. This is regrettable because Orang Asli is not a homogenous group as they are divided into various subgroups with different socio-demographic background.
As highlighted by Lim and others, 6 although implementation of socioeconomic development programs have some positive impacts on STH infections in certain subgroups, these outcomes were not noticeable in many other subgroups as STH infections are still highly prevalent in these communities. Hence, the disease dynamics in each subgroup need to be reevaluated as the findings will provide beneficial information for the formulation of highly effective control strategies and policies relevant to the Orang Asli communities. Within this context, we conducted this community-based study to estimate the current status and distribution patterns of STH infections along with its covariates among Orang Asli subgroups in Peninsular Malaysia.
Committee of the University Malaya Medical Center (UMMC) Malaysia (Reference no.: 824.11).
Study design and area. A cross-sectional study was carried out between 2009 and 2011 among Orang Asli subgroups in Peninsular Malaysia. Eight accessible villages representing five subgroups were randomly selected using a convenient sampling method from the available official listings provided by the Department of Orang Asli Development, Ministry of Rural and Regional Development, Malaysia taking into consideration the following criteria 1) accessibility by road, 2) must be willing to participate, and 3) size of the village (each village having 100 participants). Villages were excluded if one of these selection criteria was not fulfilled. Sample size calculation was calculated taking the estimated prevalence at 50% for gives the maximum sample size, with a 95% level of confidence and 5% bound on the error of estimation. The minimum sample size required was 370 participants.
Consent and structured questionnaire. The village headman was given advance notice of the survey timing and a small meeting was held in the village the day before sampling. Parents and their children were given an oral briefing by the investigator on the objective and methodology of the study. Those who agreed to participate proceeded to sign the consent sheet (i.e., written form), whereas those who were illiterate, provided a verbal consent followed by thumb prints. For children and very old participants, especially in cases of ill adults, the consent was completed by their parents or relevant adults who are usually head of the family. After they had completed their consent forms, the participants were then asked to answer a structured questionnaire. The questionnaire was administered to get information on their demographic, socioeconomic, behavioral, sanitation infrastructure, living conditions including water supply, latrine system, and domestic animals ownership and contact. The questionnaire was administrated to the head of each household in the presence of all his/her family members.
Fecal sample collection and laboratory analysis. Following completion of the questionnaire, a dry, clean, and leak proof screw capped pre-labeled fecal containers with names and codes were distributed to the participants. The filled containers with fecal samples were collected the next day. Participants who were not able to provide their fecal samples on the first day were then asked to do so during the second collection. The fecal samples were stored at ambient temperature and transported back to the laboratory on the same day of collection. Upon reaching the laboratory, the fecal samples were preserved in 2.5% potassium dichromate and refrigerated at 4 C for microscopy examination. The fecal samples were processed using a standard wet smear and formalin ethyl acetate concentration technique within 24 hours after collection.
14 In brief, 1 to 2 g of the fecal sample was mixed with 7 mL of formalin and 3 mL ethyl acetate, centrifuged, examined with normal saline, and stained in 0.85% iodine. The slides were microscopically examined initially under low power (10 + ) followed by high power (40 + ) bright field. Detection of STH species was determined on the basis of morphological characteristics of specific species. The result was considered as positive when at least one STH egg or cyst for other intestinal protozoa was observed in any one of the used techniques.
Statistical analysis. Completed questionnaire and laboratory data were checked regularly to rectify any discrepancy, logical errors, and missing values. The data entry and analysis was carried out using a Statistical Package for the Social Sciences (SPSS) for Windows version 17 (SPSS Inc., Chicago, IL). Categorical variables such as socio-demographic, environmental, personal sanitary behavior, and infection rate were presented as frequencies and percentages. Continuous variable such as age was expressed as median and ranges. Pearson's χ 2 ( χ 2 ) test on proportion was used to examine the crude associations between binary and independent variables. The level of statistical significance was set as P 0.05. Additionally, post hoc statistics comparison was also conducted to show how all of the subgroups are compared and which subgroups are significantly different.
A multiple logistic regression analysis was run to explore the independent association of variables with STH infection. All variables with a significant level of P 0.05 in the univariate analysis were set for multivariable analysis. To ensure that any potentially important predictors were not excluded and also because of a low number of predictor variables, any variables with the borderline significance level of 0.10-0.25 were also included in the multivariate analysis. 15 The subset for the final model was then analyzed with multiple logistic regression analysis to test which factors could be dropped from the model and finally determine the risk factors significantly associated with STH infection. The final model was interpreted by using an adjusted odds ratio (OR) and 95% confidence interval (CI).
RESULTS
General characteristics and population structures. A total of 634 participants from five Orang Asli subgroups participated in this study. Of the 634 participants, 44.0% was Temuan subgroup, followed by Semelai (17.8%), Jakun (15.6%), Orang Kuala (14.0%), and Mah Meri (8.5%). The overall ages ranged from 1 to 80 years with a median age of 11.0 years. By subgroups, the median ages were 11.0, 10.0, 11.0, 11.0, and 13.0 years for Temuan, Semelai, Jakun, Orang Kuala, and Mah Meri, respectively (χ 2 = 45.8, P 0.001) ( Table 1 ). This included 43.5% males and 56.5% females with proportions of 1.7%, 8.8%, 3.9%, 41.3%, 5.2%, and 39.0% for infants ( 1 year), toddlers (1-4 years), preschool children (5-6 years), school-aged children (7-12 years), teenagers (13-17 years), and adults ( 18 years), respectively.
Socioeconomic and demographic characteristics. Socioeconomic and demographic of the populations surveyed were generally poor and appeared to be similar in all subgroups with the exception of Orang Kuala (Table 2) . Briefly, each village has a small population and the number of residents in each village was estimated to be 100 to 150. From our personal observation, most of the houses are traditionally made of bamboo or wood planks for the walls and flooring and raised on stilts with a palm roof. With the exemption of Temuan, other subgroups such as Semelai (72.6%), Jakun (79.8%), Orang Kuala (80.9%), and Mah Meri (66.7%) were significantly more likely to receive formal education at least up to the primary level. Further analysis showed that the majority of the Orang Asli children (76.3%) had received some form of formal education such as primary, secondary, or tertiary level, whereas only 23.7% of them never went to school. There was a high number of adults who did not receive formal education (63.6%) leaving only 36.4% who had educational attainment.
More than half of the overall population surveyed was unemployed. It was also noted that most of the housewives normally helped their husbands in the oil palm or rubber plantations or go into the jungle to collect jungle products to supplement their family income. As for the used participant, a majority of them were engaged with odd jobs such as jungle Table 1 Demographic characteristics distribution by Orang Asli subgroups product collector (8.8%) who often entered the forest for a varying length of time without permanent income. There was 6.3% who were working as unskilled laborers in an oil palm plantation, factory, and construction site with daily income. Only one (0.2%) was a government employee. Further comparisons of all the subgroups using post hoc statistics showed that among the surveyed working respondents, there were significantly fewer Jakun than would be expected compared with other groups. Semelai and Jakun subgroups were predominantly poor and 88.5% and 86.9% had a monthly household income RM 500 respectively followed by the Mah Meri subgroup (59.3%) and Temuan (56.6%). Orang Kuala had a monthly household income of RM 500. Further post hoc analysis supported that among the surveyed respondents, there was a statistically significant fewer Orang Kuala who earned RM 500 compared with other groups.
Although more than half of the populations surveyed had a treated water supply (54.4%), it was not fully used. Most of their water supply was terminated as a result of outstanding bills. Rivers located nearby to the village remain the main source of water supply for their domestic needs including drinking, cooking, bathing, and washing. Temuan (68.5%) and Semelai (79.5%) had the least number of treated water supplies at home, whereas all Orang Kuala families had a treated water supply. A single latrine usually serves a few families, but it is not frequently used because of poor maintenance. Seventy-seven point eight percent (77.8%) of the Mah Meri families did not have toilet facilities at home, followed by Semelai (67.3%), Temuan (62.7%), and Jakun (51.5%). Further analysis as assessed using post hoc statistics of all the groups showed that among the respondents surveyed, there was significantly fewer Temuan who were using a treated water supply and did not have toilet facilities at home compared with other groups. Post hoc analysis showed that among the respondents surveyed, there was significantly fewer Semelai who were using a proper latrine as the defecation sites compared with other groups.
Temuan, Semelai, Jakun, and Mah Meri were unlikely to wear shoes or sandals outside the house. Eating with hands without proper hand washing and walking barefoot outside the house was observed as general and routine practices across all subgroups. Post hoc comparison revealed that among respondents surveyed, Orang Kuala had significantly fewer respondents walking barefoot and washing hands properly before eating compared with other groups. Dogs and cats are the most common domestic animals. Others include poultry, monkeys, rabbits, and birds. These animals are usually left to roam freely. Further comparisons of all the subgroups using post hoc statistics showed that among the survey respondents, there was significantly fewer Semelai who had close contact with domestic animals than would be expected compared with other groups.
Prevalence of STH infections. The overall prevalence of STH infections was 59.9% (95% CI = 56.1-63.7%) with T. trichiura (54.3%; 95% CI = 50.4-58.2%) being the predominant species followed by A. lumbricoides (26.7%; 95% CI = 23.3-30.1%), whereas hookworm (9.1%; 95% CI = 6.9-11.3%) had the lowest infection rate (Table 3) . Prevalence of other intestinal parasites was 9.5% for Giardia spp. and 9.1% for Entamoeba spp. (data not shown). The distribution of STH infections was analyzed according to the Orang Asli subgroups. Mah Meri had the highest prevalence of STH infections, whereas Orang Kuala had the lowest prevalence rates (P 0.05).
There was no significant difference in the prevalence between used and unemployed persons for all STH species. With the exception of hookworm infection, persons from a low household income family were more likely to be infected with T. trichiura, A. lumbricoides, and any STH infections (P 0.05). The prevalence of all STH infections (i.e., T. trichiura, A. lumbricoides, hookworm, and any STH species) was higher among those who used an untreated water supply (P 0.05). The prevalence of any STH species was greater in households with no toilet facilities at home and defecating indiscriminately (P 0.05). Prevalence of hookworm infection was significantly higher among those who had close contact with animals.
There was no significant difference in the prevalence of all STH species between males and females ( Figure 1A ) and between children ( 12 years of age) and adults ( 13 years of age) with the exception of A. lumbricoides infection (χ 2 = 8.2, P = 0.004) ( Figure 1B) . The prevalence of STH infections was further analyzed according to infant, toddler, preschool children, school-aged children, teenagers, and adults. There was a significant difference between age groups and all types of STH infections (Figure 2 ). With the exception of A. lumbricoides, the prevalence of T. trichiura, hookworm, and any STH species were higher in preschool children (P 0.05). Although the peak prevalence of A. lumbricoides infection was high among primary school children, it appears to decrease significantly with age.
Patterns of STH polyparasitism. Based on the total sample size of 634 participants, single infection (31.9%; 95% CI = 28.3-35.5%) was the most common followed by double infections (23.5%; 95% CI = 20.2-26.8%) and triple infections (2.8%; 95% CI = 1.5-4.1%) (data not shown).
Single infection with T. trichiura (27.8%) was the most predominant followed by A. lumbricoides (3.5%), whereas single infection with hookworm accounted for only 0.6%. Overall prevalence of double infections with T. trichiura and A. lumbricoides (18.9%) was the most common followed by a combination of T. trichiura and hookworm (3.9%) and
A. lumbricoides with hookworm (0.6%). The overall prevalence of triple infections with all three STH species was 3.8%. Further analysis based on subgroups showed that the prevalence of single infection with T. trichiura, double infections of T. trichiura with A. lumbricoides and T. trichiura with hookworm were significantly lower in Orang Kuala when compared with other subgroups (Figure 3 ). Risk factors of STH infections. Results of multivariate analyses for the associations of STH infections with sociodemographic, environmental sanitation, and lifestyle characteristics of the population surveyed are shown in Table 4 . Low household income family, persons who defecated openly or indiscriminately, walking barefoot outside the house, not washing hands before eating, and close contact with domestic animals were significantly associated with STH infections in Temuan. The final multivariate model confirmed that low family income was at 1.6 higher odds to have STH infections (95% CI = 1.34-2.03; P = 0.050). Households with no toilet facility and persons walking barefoot were also at two times (95% CI = 1.13-3.62; P = 0.018) and 1.8 times (95% CI = 1.01-3.06; P = 0.047) more likely to have STH, respectively. Similarly, close contact with domestic animals was at 1.4 greater odds (95% CI = 1.24-1.74; P = 0.002) to have STH infections.
In Semelai, univariate analysis showed that being a child, no formal education, non-working parents, low household income family, and not washing hands before eating were significantly associated with STH infections. Further analysis showed that being a child had 22.4 greater odds (95% CI = 7.56-66.16; P 0.001) to have STH infections. Likewise, those who used an untreated water supply for their daily chores were three times (95% CI = 1.96-9.41; P 0.049) more likely to suffer from STH infections as compared with those who used a clean and treated water supply.
In the Jakun subgroup, being a child, walking barefoot, and close contact with domestic animals were significantly associated with the odds of STH infections. The final multivariate model indicated that persons walking barefoot were three times (95% CI = 1.78-7.54; P = 0.021) more likely to have STH infections than those who wore shoes. For Orang Kuala, no risk factors were significantly associated with STH infections. In Mah Meri, six risk factors were significantly associated with STH infections including being a child, nonworking parents, low household income family, defecating indiscriminately, walking barefoot, and close contact with domestic animals. Of these six significant risk factors, two were retained in the final multivariate model. The final model showed non-working parents were at 10.4 greater odds (95% CI = 1.89-121.97; P = 0.050) to have STH infections. Similarly, persons who had close contact with domestic animals were also at higher odds to have STH infections (95% CI = 2.14-2.73; P 0.001).
DISCUSSION
Findings of the current study showed that STH infections are still endemic and continue to be a major public health among the Orang Asli communities in Malaysia with 59.9% of participants infected with at least one STH species. As reviewed by Lim and others, 6 the high prevalence of STH infections as reported here was consistent with the previous studies conducted among Orang Asli communities. More than 90% of the studies conducted in the past had reported prevalence rates of more than 50%. Recent studies conducted by Nasr and co-workers. 9 among Orang Asli communities reported similar findings with prevalence rates of 78%. Likewise, several studies conducted in recent years reported a high prevalence of STH infections, which ranges from 90% and up to 100% among Orang Asli communities. [5] [6] [7] [8] [9] Of the three STH species, T. trichiura infection was the most predominant, followed by A. lumbricoides infection and hookworm infection. These findings were consistent with other local studies conducted among the Orang Asli communities where T. trichiura infection had the highest prevalence (range: 26% to 98.2%), followed by A. lumbricoides infection (range: 19% to 67.8%) and hookworm infection (range: 3% to 37%). [5] [6] [7] [8] [9] Hence, the findings in this study not only show that the prevalence of STH remains high but the distribution pattern of STH also remains unchanged among the Orang †Variables were confirmed by multiple logistic regression analysis as significant predictors of STH.
‡Reference groups marked as OR = 1: adults ( 13 years); parent's educational attainment (at least primary school); working parents; high household income ( RM 500 per month); treated/government water supply; wash hands properly before eating.
§Reference groups marked as OR = 1: adults ( 13 years); wear shoes/sandals; wash hands properly before eating; absence/no contact with dogs or cats.
¶Reference groups marked as OR = 1: adults ( 13 years); working parents; high household income ( RM 500 per month); proper latrine; wear shoes/sandals; wash hands properly before eating; absence/no contact with dogs or cats.
Asli communities. However, global data have indicated that A. lumbricoides infection was more prevalent. 4, 16 A particular observation was the high prevalence of T. trichiura infection either as a single infection or mixed with A. lumbricoides. As both species have a similar mode of transmission, this could be the reason for the high prevalence of these two species. Another possible reason is the low efficacy or choice of anthelminthic drugs against T. trichiura as reported previously. 17, 18 A combination of drugs with different modes of action as an alternative therapy to improve drug efficacy is highly recommended. Study has shown that a combination of more than one anthelminthic drug is more effective against STH infections than any single drug. 18 However, the use of drug combinations as therapeutic agents against STH infections is not practiced in the Orang Asli communities. 7 During each visit to the rural clinics in the Orang Asli villages, either albendazole or mebendazole and not both are available at any one time. This means that the Orang Asli is exposed to a single drug treatment of a long duration that could eventually cause ineffective treatment leading to development of drug resistance. 19 Age is an important risk factor for STH infections and the preschool and school going children have been reported to be at highest risk of infections. 20, 21 In our study, significantly high prevalence of T. trichiura and A. lumbricoides were recorded among school children. Our finding was in agreement with the previous epidemiological studies conducted in Malaysia 5-9 and abroad. 4, 22, 23 This could be because as the child grows older, the exposure to the sources of infection increases. As for preschool and school-going children, they are more independent, active, and inquisitive and are interested in learning new things in their surroundings. As a result of their young age, many are still not fully aware of personal hygiene and good cleanliness practices or realize the consequence of exposing themselves to pathogenic organisms. The linear association of age within this age group needs further exploration through prospective studies.
Many past epidemiological studies were also focused on heterogeneity in the intensity of STH infections by age. 20 Although STH can infect all members of a population, it is clear that there are specific groups who are at greater risk of heavy infections. The distribution of STH infections is strongly age dependent. 21 Children 5 to 15 years of age have the most severe infection (i.e., high worm burden and frequency) particularly A. lumbricoides and T. trichiura infections, but declines significantly in adulthood. 24 In contrast, hookworm frequently exhibits a steady rise in intensity and frequency of infection with age, peaking in adulthood. It is generally thought that the differences in the levels of hookworm infections are caused by the differences in exposure, as hookworm is generally transmitted in the fields or plantations as opposed to T. trichiura and A. lumbricoides, which are generally transmitted near homes. 20 It is evident from this study that the socioeconomic status (SES), environmental and sanitary behavior of the Orang Asli communities was generally poor and appeared to be similar across Temuan, Semelai, Jakun, and Mah Meri subgroups with the exception of Orang Kuala subgroup. Lower SES and poverty were also significant risk factors for STH infections. 22, 25, 26 Non-working parents and family with low household income were taken as a proxy measure of poverty, which was also significantly associated with STH infections. This study reported low household income was a significant predictor for STH infections among Temuan, Semelai and Mah Meri subgroups. Similar findings have also been reported that non-working parents and low household income are significant predictors for acquiring STH infections among Orang Asli communities. [5] [6] [7] [8] [9] The effect of SES on risk of parasitic diseases in general and STH infections in particular, is complex in nature and could be attributed to several other factors such as lack of access to a clean water supply, poor personal and sanitary hygiene, inadequate basic infrastructure, low level of education attainment caused by financial constraints, overcrowding, and impoverished health services. 22, 27 In such conditions, STH species are commonly co-endemic. 28 As a result, the prevalence and distribution of STH may differ from one region to another and sometimes within the country itself because of the SES and other associated risk factor variations. 28 Previous local studies have shown that there was a web of risk factors associating high prevalence and intensity of STH infections with poverty, low level of parental education, and lack of access to treated water among Orang Asli communities, [5] [6] [7] [8] [9] findings that were consistent with this study. Essentially, improvement in sanitation and provision of a safe water supply are necessary for effective control of STH infections.
Poor environmental sanitation, personal and sanitary behavior including defecation practices, lack of footwear, not washing hands before eating are well documented as significant risk factors for transmission of various infectious diseases including parasitic infections. 4, 26, 29 In this study, Temuan, Jakun, Mah Meri, and Semelai children were noted as defecating indiscriminately close to their houses or within the village confines. Although some parents may advise and discourage their children from defecating in the river, this instruction does not prevent the water from being contaminated with fecal material as children cleanse themselves in the river after defecation. This may indirectly contaminate the water and elevates the risk of contamination. As a majority of the Temuan, Jakun, Mah Meri, and Semelai subgroups still rely on the streams located adjacent to their villages as the major source of water supply, contaminated water could increase the likelihood of transmission of STH infections. Thus, it was not surprising that the prevalence of STH infections was significantly higher among Semelai who still rely on the untreated river water supply for their domestic needs. The finding was consistent with the previous studies conducted among the Orang Asli communities in Malaysia. [5] [6] [7] [8] [9] The highest rates of indiscriminate defecation were observed among the Temuan and Mah Meri subgroups. It was not surprising that indiscriminate defecation was a significant predictor of infections among the Temuan and Mah Meri subgroups. As a household-based toilet facility was almost nonexistent among these communities, a single pit latrine is usually shared between a few families. It was not frequently used because of poor maintenance (e.g., dirty and foul smelling), which encourages indiscriminate defecation in bushes or river. Those without proper toilet facilities at home were more likely to defecate in the river, pit latrines, and bushes. Pit latrines are usually dug several meters into the ground. These provide direct sources of contamination of the subterraneous water flow that passes through the fecal-infected soil into the river, as shown in several surveys assessing the quality of water from pit latrines PATTERNS AND RISK FACTORS OF SOIL-TRANSMITTED HELMINTHIASIS IN MALAYSIA in other countries. 26, 30, 31 A recent study to determine the occurrences of Giardia spp. and Cryptosporidium spp. in the river water in Orang Asli communities showed a high concentration of oo (cysts) downstream where most villages are located. 32 Thus, further studies must be carried out with regards to the impact of pit latrines on river water quality and confirmation of actual contamination.
Walking barefoot outside the house and presence of freeroaming domestic animals were found to be significantly associated with STH infections, particularly among Temuan, Jakun and Mah Meri subgroups. In this study, many households reported that children often play outside the house barefoot. In many other studies, lack of footwear in association with the presence of free-roaming dogs provide a strong predictor for STH infections, particularly hookworm. 33, 34 Moreover, more studies are reporting on the zoonotic ancylostomiasis caused by A. ceylanicum in humans in endemic areas in Southeast Asia. 23, [34] [35] [36] A recent genetic study to provide further evidence on zoonotic transmission of A. ceylanicum between humans and animals in Malaysia showed that some of the A. ceylanicum strains from both the human and animal host in the same geographical location are clustered together within the same group. 37 This provides evidence that dogs and humans share genetically similar genotypes of A. ceylanicum within the same geographical location. These findings confirmed the previous epidemiological survey indicating that individuals who had close contact with dogs were more likely to be infected with A. ceylanicum. [33] [34] [35] Although the notion of zoonotic transmission of A. lumbricoides and T. trichiura between humans and dogs is still largely unclear, these animals may act as significant mechanical transmitter of ascariasis in the human population especially in communities where the habit of indiscriminate defecation exist. Molecular-based tool studies have shown that dogs act as disseminators and environmental contaminators of A. lumbricoides in communities where indiscriminate defecation is common. 38, 39 Findings from this study provide a community-based picture of the current status of STH infections in different Orang Asli subgroups with low SES, poor environmental sanitation, and personal hygiene. There are some other factors such as geographical factors including temperature, vegetation, humidity caused by altitude, population density, and land availability around the village that may result in underestimation of the prevalence and influence of the distribution of the infection. 40 In an extensive study carried out by Dunn in 1972 among various Orang Asli living in different forest altitudes showed that groups living at higher and cooler elevations have fewer STH infections probably caused by the lower soil temperature, which may reduce the egg embryonation rate. 4, 13 Although these variables are not being incorporated into this study, they constitute the aim for future work. More recently, mapping and modeling distribution of STH using geographical information system coupled with remote sensing data in Malaysia reported that temperature and vegetation are significant explanatory variables for A. lumbricoides infection. 41 This study has certain limitations that need to be considered while interpreting the results. First, single fecal collection was conducted, which may have underestimated the true prevalence as optimal laboratory diagnosis for STH infections requires multiple fecal examinations of at least three specimens collected over several days. 42 Several studies have suggested that examination of three fecal samples resulted in the detection of up to 90% more infections. 42, 43 Second, only one examination technique method was used, i.e., formalin ethyl acetate concentration technique without egg count. This method alone has poor sensitivity for diagnosing STH infections. It indicates that results obtained are an underestimation of true prevalence, whereby only high and moderate intensity infections are more sensitive for the parasite to be detected. 44 Hence, a more accurate estimated prevalence of STH infections would have been obtained if a multiple fecal sample collection and a more sensitive diagnostic protocol such as the Kato-Katz method was used. The most recent study comparing the accuracy of the formalin ether concentration and Kato-Katz techniques showed that Kato-Katz has greater sensitivity in estimating STH infections. 45 Third, the inability to control interviewer bias during administration of the questionnaire as more than one interviewer was used in this study. Nevertheless, attempts were made to minimize and control these biases through a series of interview training workshop before the commencement of this study. Additionally, the same interviewers who are familiar with the questionnaires were used throughout this study. In future work, using members of the communities themselves as interviewers may provide unbiased data and allow the participants to be more cooperative and feeling more at ease. Fourth, the risk factor analysis showed a large CI value indicating that the sample size was relatively low. Based on the World Health Organization (WHO) guidelines for evaluating STH at the community level, a total sample size of 200-250 participants would be required to accurately determine the prevalence of STH infections in an ecologically similar environment. 23 Nevertheless, several risk factors were able to be detected that were significantly associated with STH infections, although the CI values for the risk analysis were wide. Finally, the inability to draw conclusions on causality of association of different risk factors with STH infections is a common limitation in a cross-sectional study design.
In conclusion, STH infections are still highly prevalent among Orang Asli communities. With the exception of the Orang Kuala subgroup, low SES and poor sanitary behavior are important factors associated with STH infections in Orang Asli communities. Age is also an important predictor for STH infections, particularly among preschool and school-going Orang Asli children. This supports an urgent need to start an integrated and effective control program such as a poverty reduction program, implementing mass scale deworming and health promotions campaign to create awareness about health and hygiene. Findings of this study will assist public health authorities to justify the reassessment of the existing control measures that are relevant to each subgroup. With effective control measures in place, the Orang Asli communities, especially children will have a greater opportunity for a better future in terms of health and educational attainment. These measures will eventually raise their health status and put them on par socially and economically with the general communities in Malaysia.
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